Purpose To compare diagnostic performance and structure-function correlations of multifocal electroretinogram (mfERG), full-field flash ERG (ff-ERG) photopic negative response (PhNR) and transient pattern-reversal ERG (PERG) in a non-human primate (NHP) model of experimental glaucoma (EG). Methods At baseline and after induction of chronic unilateral IOP elevation, 43 NHP had alternating weekly recordings of retinal nerve fiber layer thickness (RNFLT) by spectral domain OCT (Spectralis) and retinal function by mfERG (7F slow-sequence stimulus, VERIS), ff-ERG (red 0.42 log cd-s/m 2 flashes on blue 30 scotopic cd/m 2 background, LKC UTAS-E3000), and PERG (0.8°checks, 99% contrast, 100 cd/m 2 mean, 5 reversals/s, VERIS). All NHP were followed at least until HRT-confirmed optic nerve head posterior deformation, most to later stages. mfERG responses were filtered into low-and highfrequency components (LFC, HFC,[75 Hz). Peak-totrough amplitudes of LFC features (N1, P1, N2) and HFC RMS amplitudes were measured and ratios calculated for HFC:P1 and N2:P1. ff-ERG parameters included A-wave (at 10 ms), B-wave (trough-to-peak) and PhNR (baseline-to-trough) amplitudes as well as PhNR:B-wave ratio. PERG parameters included P50 and N95 amplitudes as well as N95:P50 ratio and N95 slope. Diagnostic performance of retinal function parameters was compared using the area under the receiver operating characteristic curve (A-ROC) to discriminate between EG and control eyes. Correlations to RNFLT were compared using Steiger's test. Results Study duration was 15 ± 8 months. At final follow-up, structural damage in EG eyes measured by RNFLT ranged from 9% above baseline (BL) to 58% below BL; 29/43 EG eyes (67%) and 0/43 of the fellow control eyes exhibited significant ([7%) loss of RNFLT from BL. Using raw parameter values, the largest A-ROC findings for mfERG were: HFC (0.82) and HFC:P1 (0.90); for ff-ERG: PhNR (0.90) and PhNR:B-wave (0.88) and for PERG: P50 (0.64) and N95 (0.61). A-ROC increased when data were expressed as % change from BL, but the pattern of results persisted. At 95% specificity, the diagnostic sensitivity of mfERG HFC:P1 ratio was best, followed by PhNR and PERG. The correlation to RNFLT was stronger for mfERG HFC (R = 0.65) than for PhNR (R = 0.59) or PERG N95 (R = 0.36), (p = 0.20, p = 0.0006, respectively).
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Introduction
Glaucoma is a progressive optic neuropathy that ranks as one of the leading causes of irreversible blindness worldwide [1, 2] . Although loss of retinal ganglion cells (RGCs) and their axons is common to all optic neuropathies, the pattern of damage in glaucoma tends to be pathognomonic, including unique structural alterations of the optic nerve head (ONH) that reflect connective tissue deformation and remodeling [3] [4] [5] [6] .
Modern imaging techniques such as confocal scanning laser tomography and optical coherence tomography (OCT) provide means for reliable quantification of ONH anatomical parameters and macular or peripapillary retinal nerve fiber layer (RNFL) thickness, which may enable early detection of glaucomatous structural changes [7] [8] [9] . When such changes are accompanied by spatially corresponding defects of the visual field, the accurate diagnosis of glaucoma and/or its progression are more likely [4, 10, 11] .
Although visual field testing (perimetry) is the mainstay for clinical assessment of vision function in glaucoma, other ancillary tests are occasionally employed to assist with diagnosis in equivocal cases or with patients that do not perform visual field tests reliably or in a research setting [12] . For these reasons, electrophysiological tests of vision function such as electroretinography (ERG) are thought to have a role in glaucoma management [13] [14] [15] . ERG testing also provides a noninvasive, objective measure of function that is easier to obtain in laboratory animals than those based on behavioral testing such as perimetry [16, 17] .
Several different ERG modes are known to be capable of monitoring RGC function in human glaucoma as well as in experimental glaucoma (EG) models [15, 18] . For example, pattern ERG (PERG), full-field flash ERG (ff-ERG) and multifocal ERG (mfERG) techniques have all been studied extensively to determine their respective abilities to measure loss of RGC function [13] [14] [15] [18] [19] [20] [21] [22] [23] [24] . Each technique has its advantages and drawbacks [15, 24] , the balance of which may depend on the setting (e.g., clinical versus research) or the subjects under study (e.g., human patients versus laboratory animals). However, to our knowledge, no single study has yet evaluated all three modes simultaneously to compare their diagnostic performance and correlation to measures of glaucomatous structural damage. Therefore, in this study, we sought to compare mfERG, PERG and the photopic negative response (PhNR) of the ff-ERG in a large cohort of non-human primates (NHP) with unilateral EG.
Methods

Subjects
The subjects of this study were 43 rhesus macaque monkeys (Macaca mulatta), 35 female and 8 male, ranging in age from 1.4 to 22.6 years (mean ± standard deviation: 10.1 ± 6.7 years). All experimental methods and care procedures were approved and monitored by the Institutional Animal Care and Use Committee (IACUC) at Legacy Health (USDA license 92-R-0002 and OLAW assurance A3234-01) and carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health and the Association for Research in Vision and Ophthalmology's Statement for the Use of Animals in Ophthalmic and Vision Research.
Experimental protocol
Prior to the initiation of unilateral EG, each animal was evaluated at baseline (BL) by spectral domain OCT (SDOCT) and by three modes of ERG (details below) a minimum of three times each; the average number of BL sessions was 5.2 ± 1.4. One eye of each animal was then randomly assigned to EG, which was initiated by application of laser photocoagulation to the trabecular meshwork to induce chronic, mild-tomoderate elevation of intraocular pressure (IOP). Initially, 180°of the trabecular meshwork was treated in one session, and then the remaining 180°was treated in a second session approximately two weeks later. If necessary, laser treatments were repeated in subsequent weeks (limited to a 908 sector) until an IOP elevation was first noted or if the initial post-laser IOP had returned to normal levels. The average number of laser treatments (±SD) was 5.2 ± 2.6. For each animal, the fellow eye served as control. IOP was measured in both eyes at the start of every session using a Tonopen XL (Reichert Technologies, Inc., Depew, NY). The value recorded for each eye was the average of three successive measurements.
Testing by SDOCT and ERG continued on alternating weeks for each animal until its pre-defined endpoint target had been reached. Those targets were based on the protocols for each of the four primary studies from which this cohort was assembled. Because those studies varied by design in their degree of severity at endpoint, the combined cohort provided a relatively wide range of damage available for analysis in this study.
Anesthesia
All experimental procedures began with induction of general anesthesia using ketamine (10-25 mg/kg IM) in combination with either xylazine (0.8-1.5 mg/kg IM) or midazolam (0.2 mg/kg IM), along with a single injection of atropine sulfate (0.05 mg/kg IM). Animals were then intubated with an endotracheal tube to breathe a mixture of 100% oxygen and air for maintaining oxyhemoglobin saturation C95%, as close to 100% as possible. During ERG testing, anesthesia was maintained using a combination of ketamine (5 mg/kg/h IV) and xylazine (0.8 mg/kg/h IM). In some cases, a constant rate infusion (1.2-3.0 mg/kg/h) was used for IV ketamine delivery after a loading dose of 3.0-8.0 mg/kg. For all SDOCT imaging sessions, anesthesia after initial induction was maintained using isoflurane gas (1-2%; typically 1.25%) mixed with 100% oxygen and delivered via endotracheal tube. For SDOCT imaging, a clear, rigid gas permeable contact lens filled with 0.5% carboxymethylcellulose solution was placed over the apex of each cornea. In all sessions, IV fluids (lactated Ringer's solution, 10-20 mL/kg/h) were administered via the saphenous vein, and vital signs were monitored throughout and recorded every 10-15 min, including, heart rate, blood pressure, arterial oxyhemoglobin saturation, endtidal CO 2 and body temperature; body temperature was maintained at 37°C, heart rate above 75 beats per min and oxygen saturation above 95%.
SDOCT measurements of peripapillary RNFL thickness SDOCT (Spectralis, Heidelberg Engineering GmbH) was used to measure the average peripapillary RNFL thickness (RNFLT) from a single circular, 12°diam-eter B-scan consisting of 1536 A-scans (Fig. 1 ) [25] [26] [27] . Nine to sixteen individual sweeps were averaged in real time to comprise the final stored B-scan at each session. The position of the scan was centered on the ONH at the first imaging session, and all follow-up scans were acquired at this same location using the instrument's automatic active eye tracking software. A trained technician masked to the specific purpose of this study manually corrected the accuracy of the instrument's native automated layer segmentations when the algorithm had obviously erred from the inner and outer borders of the RNFL to an adjacent layer. All SDOCT scans were performed 30 min after IOP was manometrically stabilized to 10 mmHg.
ERG recordings
Custom-designed Burian-Allen contact lens electrodes (10 mm diameter, ?3.0 diopter; Hansen Ophthalmics, Iowa City, IA) were used for all ERG testing; the corneal ring on the stimulated eye served as the active electrode, while the corneal ring of the unstimulated (patched) contralateral eye served as the reference electrode. A subcutaneous ground electrode was placed on a rear limb. Electrode impedance was accepted if \5 kX. Prior to insertion of ERG contact lens electrodes, one drop of topical anesthetic (0.5% proparacaine) and an ocular lubricating agent (1% carboxymethylcellulose sodium, Celluvisc, Allergan, Irvine, CA) were applied to each eye. Head position was stabilized using a bite bar capable of rotation in three axes. The ERG protocol required 2-2.5 h to complete.
Multifocal ERG
Multifocal ERG (mfERG) recordings were obtained using VERIS TM (Electro-Diagnostic Imaging, Inc., Redwood City, CA) as previously described [28] [29] [30] [31] . The stimulus consisted of 103 un-scaled hexagonal elements subtending a total field size of *55°at the test distance of 30 cm (Fig. 2) . The luminance of each hexagon was independently modulated between dark (1 cd/m 2 ) and light (200 cd/m 2 ) according to a pseudorandom, binary m-sequence. The temporal stimulation rate was slowed by insertion of seven dark frames into each m-sequence step (''7F''). The m-sequence exponent was set to 12; thus, the total duration of each recording was 7 min 17 s. Signals were amplified (gain = 100,000), band-pass filtered (10-300 Hz; with an additional 60 Hz line filter), sampled at 1.2 kHz (i.e., sampling interval = 0.83 ms), and digitally stored for subsequent off-line analyses. Two such recordings were obtained for each eye at each time point and averaged. Alignment of the stimulus on the visual axis was achieved via adjustment during a series of brief, standard m-sequence (''0F'') multifocal ERG recordings prior to the pair of 7F recordings.
From the average of the two 7F recordings at each time point, a subset of local responses from the full array, limited to the central element and the three rings surrounding it (37 local responses in total, Fig. 2b, c) , was processed to derive summary outcome parameters. A high-pass filter (5-pole,[75 Hz) was applied to each local mfERG response to extract the highfrequency components (HFC, Fig. 2c ). The lowfrequency component (LFC) of each response was represented as the raw response minus the HFC. The amplitude of the HFC was calculated as the root mean square (RMS) for the epoch between 0 and 80 ms of each filtered record. Peak amplitudes for LFC features were quantified as follows: The first negative feature (N1) was calculated as the maximum negative excursion from baseline in the epoch up to 30 ms; the amplitude of the first positivity (P1) was calculated as the voltage difference between the maximum peak and the N1 trough; and the second negativity (N2) was calculated as the difference between baseline and the minima from 30 to 80 ms. The global average (of 37 response locations) for each parameter represented the measurement for each eye at each ERG session.
Pattern-reversal ERG (PERG)
Transient PERG recordings were obtained using the VERIS TM (Electro-Diagnostic Imaging, Inc.) immediately following the mfERG recordings in each eye. The checkerboard stimulus consisted of 0.8°checks subtending a total field size of 48°9 40°with a mean luminance of 100 cd/m 2 and contrast of *99% modulated at 5 reversals/s. PERG signals were band-pass filtered between 1 and 100 Hz and sampled at 2025 Hz. Two records were obtained for each eye with each record consisting of an average of 200 sweeps. Peak amplitudes for the first positive feature (P 50 ) were calculated as the voltage difference between the first prominent negative feature and the first prominent positive feature (Fig. 3) ; the amplitude of the first negative feature (N 95 ) was calculated as the voltage difference between the maximum peak and the subsequent trough. The N95 slope was calculated as the amplitude of the N 95 feature divided by the difference between the implicit time of the N 95 feature and implicit time of the P 50 feature. Data from two records per eye were averaged at each session.
Full-field flash ERG (ff-ERG) photopic negative response (PhNR)
Full-field flash ERG (ff-ERG) recordings were obtained using a UTAS-E3000 system (LKC Technologies, Inc., Gaithersburg, MD). Stimuli were red flashes (Wrattan #29; 0.42 log cd-s/m 2 ) presented via a Ganzfeld integrating sphere after a 5-min light adaptation to a blue background (Wrattan #78; 30 scotopic cd/m 2 ). Each recording was an average of 10 sweeps with an interstimulus interval of 2 s. Signals were band-pass filtered between 0.3 and 500 Hz and sampled at 2000 Hz. A-wave amplitude was measured at a criterion time of 10 ms (Fig. 4) . B-wave amplitude was measured as the voltage difference between the maximum peak and the A-wave trough. PhNR amplitude was measured as the voltage difference between the ERG baseline and the trough (minima) following the B-wave peak (see Fig. 4 and ''Appendix'' section). Data from two recordings per eye were averaged at each session.
Analysis and statistics
The diagnostic performance of ERG parameters was compared using receiver operator characteristic (ROC) curve analysis and the Chi-square test as well as by comparing diagnostic sensitivity at 95% specificity using the z-test for proportions. The strength of the Pearson correlation between ERG parameters and structure (peripapillary RNFLT) were compared using Steiger's test. Overlap of diagnostic capability across ERG parameters was evaluated using Euler plots. Statistical analyses were performed using commercial software packages (Prism 5, GraphPad Software, Inc., La Jolla, CA and SigmaPlot 11, Systat Software, Inc., San Jose, CA).
Results
Range of EG severity at final follow-up
Across the 43 NHP of this study, the average study duration was 15.1 ± 8.0 months and the average duration of post-laser follow-up was 9.3 ± 7.8 months. Mean post-laser IOP ranged from 10.4 to 31.0 mmHg in the group of 43 EG eyes, with a group average of 19.0 ± 5.4 mmHg. Over the same period, mean IOP in the group of 43 fellow control eyes was 11.2 ± 2.0 mmHg. The peak IOP observed during post-laser follow-up period was 42.2 ± 11.5 in the EG eyes (range 15.3-63.0 mmHg) and 18.2 ± 6.2 mmHg in control eyes.
At final follow-up, structural damage in EG eyes measured by RNFLT ranged from 9% above BL to 58% below BL, with an average loss of 16.2 ± 15.9%. [27, 32, 33] ; thus, 33% of the EG eyes were still early-stage EG at final follow-up [25] [26] [27] .
Diagnostic performance of ERG parameters at final follow-up Figure 5a shows receiver operator characteristic (ROC) curves derived by plotting the proportion of 43 EG eyes flagged at a given ERG parameter criterion value (''sensitivity'') against the proportion of 43 fellow control eyes flagged at the same criterion (i.e., false alarm rate). Only the best two or three parameters from each ERG mode are plotted. The accompanying Table 1 lists the area under the ROC curve (A-ROC) for all ERG parameters evaluated. The data in Fig. 5a and Table 1 show that the mfERG HFC and the ff-ERG PhNR had better diagnostic performance (larger A-ROC) than any PERG parameter (P B 0.001 each). Figure 5b and Table 2 present the ROC curves and A-ROC values, respectively, for the same parameters expressed in each case as a change from the baseline Tables 1 and 2 , respectively, for quantitative results corresponding to panels (a) and (b) average. These data demonstrate that diagnostic performance of all parameters improved after accounting for inter-individual variance of ERG amplitudes by normalization to baseline amplitude (e.g., compare Fig. 5b to a and Tables 2 to 1) . Further, normalization of the mfERG HFC and N2 parameter values to the mfERG P1 (another feature of the same mfERG response) also improved diagnostic performance (e.g., mfERG HFC:P1 ratio or mfERG N2:P1 ratio). However, this enhancement did not occur for the PhNR amplitude when normalizing to the B-wave amplitude, nor for the PERG N95 amplitude when normalizing to the PERG P50 amplitude. Table 3 lists the observed sensitivity for each parameter at a fixed specificity of 95%, and Table 4 lists the same for each parameter expressed as a change from baseline. The mfERG HFC:P1 ratio had the highest diagnostic sensitivity for this high degree of specificity, and its sensitivity was increased further by normalization to pre-glaucoma baseline values. Sensitivity at 95% specificity was nearly as good for the PhNR amplitude and PhNR:B-wave amplitude ratio, but their point estimates fell below the lower bound of the confidence interval for the mfERG HFC:P1 ratio change from baseline. PERG parameters all had significantly lower sensitivity than the mfERG HFC or ff-ERG PhNR amplitudes. These results comparing sensitivity at high specificity are also apparent in the upper left corner of the ROC plots in Fig. 5 .
In order to determine whether the relative sensitivity of these ERG parameters differed at earlier stages, the same analysis was repeated while marching backward through the three previous recording sessions prior to the final available time point for each eye (see Fig. 6 ). The results of that analysis revealed that: (1) sensitivity of all ERG parameters increased as functional loss progressed in EG; (2) sensitivity of the mfERG HFC:P1 ratio was highest at the earlier time points; (3) the PhNR amplitude and PhNR:B-wave ratio increased most rapidly over the final three time points.
Correlation to structural measure of retinal ganglion cell axon loss Figure 7 presents scatter plots to compare relationships between each ERG parameter and the measure of structural damage used in this study (peripapillary RNFL thickness). While only the best performing pair of parameters for each ERG mode are included as plots, Table 3 lists the corresponding Pearson correlation coefficients for these and all other ERG parameters evaluated. The mfERG HFC amplitude had the strongest correlation to structure of any ERG parameter studied, significantly stronger than PERG N95 amplitude (P = 0.0006) but only marginally stronger than the ff-ERG PhNR amplitude (P = 0.20). Figure 8 shows the results for the same parameters expressed as a change from baseline and plotted against the change in RNFL thickness from its baseline average value in each eye; Table 4 lists the corresponding Pearson correlation coefficients. Normalization to baseline values improved the strength of correlation to structure for PERG more than it did for the mfERG HFC or ff-ERG PhNR, yet the mfERG HFC correlation to structure remained significantly stronger than that for the PERG (P = 0.03). Another salient finding is highlighted by the plots in Figs. 7 and 8: Although the dynamic range for PhNR and PERG appears to be larger than mfERG HFC, their population variation and test-retest repeatability are worse, especially for PERG (see spread of control eyes along Y axis), thus undermining diagnostic performance.
Overlap of diagnostic information
There is a possibility that different ERG parameters might offer complementary diagnostic information even if some exhibit lower overall diagnostic performance. To address this question, the EG eyes flagged by each of the best performing ERG parameters at their 95% specificity criterion were plotted in areaproportional Euler diagrams in Fig. 9 . The results show that all but one of the EG eyes flagged by PERG were also flagged by mfERG and 25/30 (83%) eyes flagged by the PhNR were also flagged by mfERG. However, since five EG eyes were flagged only by PhNR, these results do suggest that complementary information is available through testing by multiple ERG modalities.
Discussion
The purpose of this study was to compare three modes of ERG testing in terms of their diagnostic performance and correlation to structure in a non-human primate (NHP) model of experimental glaucoma (EG). The three modes selected were mfERG, ff-ERG and PERG because they have each been evaluated extensively and proven effective in clinical studies of human glaucoma [13] [14] [15] [19] [20] [21] [22] [23] [24] as well as in previous laboratory studies in NHP eyes after retinal ganglion cell or optic nerve injury [28, 34] , including EG [17, [29] [30] [31] [35] [36] [37] [38] [39] [40] [41] . To our knowledge, however, no prior study has compared all three modes in the same cohort of glaucomatous eyes. Specifically, based on previous evidence, we anticipated that the HFC amplitude of the slowsequence mfERG [17, [28] [29] [30] [31] , the PhNR amplitude of the red-on-blue ff-ERG [28, 36, 38, 42, 43] and the N95 of the transient PERG [19, 28, 34, 38] would be the parameters from each mode that would have the strongest diagnostic capacity and correlation to structural damage. These expectations were confirmed by the results, yet the findings also demonstrate that the mfERG HFC amplitude normalized to the mfERG LFC P1 amplitude had the highest sensitivity and strongest correlation to structural loss. The PhNR amplitude and PhNR:B-wave ratio were nearly as sensitive to detect functional damage, nearly as well correlated to structural loss and had the best overall diagnostic accuracy of any ERG parameter according to the full A-ROC analysis. The latter finding reflects that the PhNR gains relatively more than the mfERG HFC at lower levels of specificity. The results also show that the transient PERG is hindered by wider population variance and poorer test-retest reliability, which undermines diagnosis by cross-sectional and longitudinal analysis, respectively, as well as its correlation to structure. This has been reported previously in a study of human glaucoma by Hood and colleagues [44] . Of the three ERG modes evaluated in this study, the PERG is most dependent on clear optics, which may explain its poorer performance, at least in part, since contact lens electrodes were used to maximize signal-to-noise ratio.
It is possible that use of steady-state stimulation and corresponding analysis, perhaps also including a normalization step by check size, would have resulted in better PERG performance [45] [46] [47] , though it is unlikely that these approaches would have led to PERG performance surpassing that of the ff-ERG PhNR [24, 48] . We did find that normalization to other features of the same ERG response improved both diagnostic performance and correlation to structure for the mfERG HFC amplitude (e.g., HFC:P1 ratio) but not for the ff-ERG PhNR or PERG N95 amplitudes. This suggests that there is more of an effect of EG on the ff-ERG B-wave and PERG P50 than there is on the mfERG LFC P1 amplitude, Fig. 6 Diagnostic sensitivity at earlier time points for the best parameters of each ERG mode. Sensitivity at 95% specificity is plotted for three additional time points prior to the final time point consistent with results presented in Tables 1, 2, 3 and 4, which show that some diagnostic signal is present for both B-wave and P50 amplitudes. Although the results in Fig. 9 suggest that the ff-ERG PhNR offers complementary diagnostic information to the mfERG HFC, the results analyzing multiple longitudinal time points (Fig. 6) indicate that the conclusion of this study is robust and that the mfERG HFC provides the single best ERG measure of retinal ganglion cell function, at least in NHP EG. The latter is an important caveat because the mfERG appears to provide only modest diagnostic benefit in human glaucoma [49] [50] [51] [52] [53] [54] . It remains unknown why the mfERG of the NHP seems to be relatively enriched with retinal ganglion cell contributions as compared to the human eye [49, 55] . Indeed, this phenomenon might be even more specific to rhesus monkeys among primates [40] . Table 3 
In addition to HFC amplitude, the mfERG LFC N2 amplitude exhibited diagnostic capability that was significantly better than chance and was as strongly correlated to structure as the PERG N95. Similar to HFC amplitude, both aspects improved when the N2 was normalized to the LFC P1 component and further still when normalized to baseline values. It has been suggested that the mfERG N2 component is analogous to the PhNR of the ff-ERG [Viswanathan S, et al. IOVS 2009;50: ARVO E-Abstract 4758], which in turn may share retinal generators with the PERG N95 [38, 56] . Thus it is not surprising that the mfERG N2 appears to reflect glaucomatous damage [23, 57, 58] . Significant reduction in LFC amplitudes in mfERG responses to a more complicated stimulus has also been reported in NHP EG [41] , which might reflect a similar underlying functional abnormality.
The utility of the PhNR for assessment of retinal ganglion cell function in glaucoma was first described by Viswanathan and colleagues [36, 42] and has since been confirmed by numerous other investigators in clinical studies, particularly when normalized to B-wave amplitude [22, 24, 39, [59] [60] [61] [62] [63] [64] as well as in laboratory studies of both rodent [65, 66] and NHP optic nerve injury models [28] . It is possible that limiting the stimulus to localized areas of the macula Table 4 for comparison of Pearson correlation coefficients [23, 62, [67] [68] [69] and/or to a narrower spectral range (with a goal of stronger chromatic contrast) [43] might offer greater improvement of diagnostic performance of the PhNR as compared to the conditions used in this study. Meanwhile, there were substantial effects related to the derivation of PhNR amplitude alone (see ''Appendix'' section), which are worth considering with/or without other methodological changes.
In summary, among the ERG modes evaluated in this study, the mfERG HFC had the highest diagnostic sensitivity and strongest correlation to structure in this cohort of non-human primates with experimental glaucoma. Consistent with numerous other reports, accounting for inter-eye differences by normalization to baseline amplitudes and/or by normalization to other features of the same ERG response less sensitive to glaucomatous damage improved both diagnostic performance and correlation to a structural measure of damage severity for the best parameters of all three ERG modes. After normalization, the mfERG HFC had the highest diagnostic sensitivity and strongest correlation to RNFL thickness and missed only a few EG eyes flagged by PhNR or PERG. The mfERG also offers an opportunity to evaluate focal loss, unlike the ff-ERG; future studies are planned to evaluate whether any benefit can be realized from this potential advantage, even in this EG model, which tends to manifest as more diffuse progressive damage rather than as sequential focal loss. Nevertheless, further research is required to determine whether these observations will successfully translate to clinical management of human glaucoma.
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Appendix
Measurement of PhNR amplitude has been done using a variety of methods in different laboratories. These various approaches include measuring the voltage difference between the pre-stimulus baseline or the peak of the B-wave and either the trough (minima) following the B-wave or a fixed post-stimulus criterion time [36, 67, 68, [70] [71] [72] . Previously, we had determined that PhNR amplitude measurements from the peak of the B-wave to a fixed criterion time of 70 ms provided the best reproducibility for the flash intensity used in the current study. However, the larger sample size and inclusion of glaucomatous eyes available for the current study presented an opportunity to reevaluate this question. Therefore, we compared diagnostic performance of 8 different derivations of PhNR amplitude and selected the best performing method to use in the main part of the study for comparison to mfERG and PERG parameters. The eight PhNR amplitude derivations evaluated were measured as follows: (1) Tables 5, 6 ). Therefore, PhNR amplitude measurements obtained using that method were included in the main study for comparison to other parameters of the photopic full-field flash ERG, the mfERG and PERG. Although diagnostic performance was clearly better for the baseline-to-trough PhNR amplitude derivation, it was also useful to compare repeat reliability across these eight approaches. To this end, we calculated the coefficient of variation (CoV) as the standard deviation of pre-laser baseline measurements divided by the mean of the same measurements for each eye. Alternatively, since the average value of a given parameter in healthy eyes might not be an adequate representation of its dynamic range, we also scaled the median standard deviation of baseline measurements by the median effect size (i.e., the difference between the amplitude in the glaucomatous eye and the amplitude in the fellow control eye at the final time point). The results revealed that the median value for the CoV was always approximately half as large for PhNR amplitude measurements made from the B-wave peak as compared with those made from the ERG baseline (17 vs. 30%, on average, respectively). However, the inverse was true when intersession variation was scaled by the effect size instead of by the average magnitude of each parameter: By this metric, the PhNR amplitude measurements taken from the B-wave peak were about twice as variable as those made from the ERG baseline (65 vs. 27%, on average, respectively). Ironically, this result for repeat reliability did not manifest as better diagnostic performance of PhNR measurements made from the ERG baseline compared to those made from the B-wave peak for longitudinal (baseline normalized) data as compared with strictly cross-sectional data (compare Tables 5, 6 ). In any case, the method of PhNR amplitude derivation based on ERG baselineto-trough had the best diagnostic performance and among the best repeat reliability by either metric (median CoV = 21%; intersession variation scaled by effect size = 29%). Thus it was clearly the measurement of choice for the comparison to other ERG parameters in the main portion of this study. 
